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1. Studies of the structure and function of proteins 
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1.1. Enzymes involved in the nucleotide 
metabolism 

We are investigating the structure and function of 
several of the en/ymes that are involved in the 
metabolism of nucleotides in collaboration w ith the 
group of Prof. kaj 1 rank Jensen, Cniversitx of 
Copenhagen. The proteins studied are recombinant 
en/ymes mainly of bacterial origin. We investigate 
primarily some of the en/ymes that are involved in 
the dc novo synthesis of I 'MI 5 , uridine 
monophosphate: dihydroorotate dehydrogenases, 
orolidine monophosphate decarboxylase, 
phosphoribosyl pyrophosphate synthetases, uracil 
phosphoribosyl transferases and uridine-cytodine 
kinases. 

Another project focuses on RNase PH. an 
exoribonuclease involved in the processing of Dihvdmorntat.; dehydrogenase A has ar, alpha beta-ban cl 

tKNA precursors from the 3'-terminus of tRN A. structure. The active site of this enzyme is above the flavin 

co- factor ( yellow). 

Our investigations of the different en/ymes are in quite different stages, some have their three dimensional 
structure well characterised and a profound understanding of their enzymatic function is within close reach 
(dihydroorotate dehydrogenases, phosphoribosyl pyrophosphate synthetases and uracil 
phosphonbosyltransferases). The structure of RNase PH has recently been determined and aw aits a 
thorough analysis that would lead to important insight into the unique role this enzyme plays in the 
degradation of tRN A. The other projects are in a more preliminary stage, some en/ymes have been 
crystallised and we are on the way with their structure determination. 



The hard work associated with the projects described above are being conducted by the following members 
of the group. Solle Noragcr (dihydroorotate dehydrogenases), line Astrup Irikscn and frank Nygaard 
(phosphoribosyl pyrophosphate synthetaseses ). And ers Kad/ iola (uracil phosphoribosyl transferases and 
RNase PH ). Anetle Frost Jensen (uridine cytidine kinase). Finally Jcns-( liristian Xa\ arro Poulscn and 
Perm lie I larris are responsible for the orolidine decarboxylase project. 



Publications: 



()\ crexpression of !un i/lns suhii/is Phosphorihosylpyrophosphate Synthetase and ( Yvstalli/alion and 
Preliminary X-Ray Charaeteri/ation of the l ; ree lin/yme and Its Siibstrutc-I ' ffeetor Complexes. 

Jy Purification and characterization of dihydroorotate dehydrogenase A from IauIococcus Uteris. 
crystallization and preliminary X-ray diffraction studies of the enzvme. 

!>j 'fhe crystal structure of the flavin containing enzvme dihydroorotate dehvdrogenasc A from 

I '.iK'tocr )C( 'US UtCtlS. 



hup: 2 I f).2^ l >.5 1 . 1 00 scLirch'.\] cache: IK '/...>. html • rhamnoeakicturonatuVhl auVic I I f 



[1 1] The acti\'c site of dihvdroorotate dehydrogenase A from Lactococcus lactis investigated by chemical 
modification and mutagenesis. 

[1 5 J The crystal structure o( Lactococcus lactis dihvdroorotate dehydrogenase A eomplexed w ith the 
enzyme reaction product throws light on its enzymatic function. 

t 



1.2. Carbohydrate modifying enzymes 
1.2.1. Pectin degrading enzymes 

One group of projects has focused on enzymes involved in pectic substance degradation. Most of the w ork 
has so far been carried out on enzymes acting on rhamnogalaeturonan, the hairy region of pectin. 
Rhamnogalaeturonan 1 (RCi-I) has a backbone composed of alternating rhamnose and galacturonic acid 
residues w hich can be acetylaled and methylated. The rhamnose residues of the backbone usually have 
galactan. arabinan or arabinogalactnn attached io C4 as side chains. We have determined the structures of 
several of the enzymes that take part in the enzymatic degradation of RG-I. Rhamnogalacturonase A 
(Rgase A) (J ,R\1( i) an endoacting hydrolase cleaving the 1,2 glycosidic bonds within the backbone of 
RCi-1. rhamnogalaeturonan acetylesterase (RGA1:) (IK""! \ I Dl( ). 1 1) 1 \ ) which works in synergy with 
RGases removing the acetylesters from the backbone, and a beta- 1 ,4-galactanase ( 1 FHL, 1 FOB. on hold) 
hydrolysing the glycosidic bonds in galactan side chains. Very recently, the structure of 
rhamnogalaeturonan lyase (previously known as RGase B), which cleaves the (alpha- 1,4 glycosidic 
linkage of RG-I, has been solved and is being analysed. Among projects in a less advanced stage that can 
be mentioned is a beta- 1,4-mannanase. 

Many of these enzymes are glycosylated, and the influence of the glycosylation on the crystallisation and 
function of the enzymes represents a very interesting aspect (see eg. the Rgase A [^J and RGAF [1 3J [46J 
papers). 

The smooth region of pectin is composed of unbranched polygalacturonan. The galacturonic acid residues 
can be methylated at the carboxylate group or acetylated at the C2 or C3 position. The backbone of 
polygalacturonan is broken down by pectin and peetate lyases. Peetate lyase (Pel) from Bacillus 
agaradhcrcus. Bacillus lichcniformis* and Thcrmatoga maritima have recently been solved and are 
currently being analysed. Complexes of tw o separate inactive mutants of Thcrmaioga mantinia Pel w ith a 
galacturonic acid oligomer of live residues ha\ e recently been obtained. These complexes prov ide added 
insight into the substrate recognition and catalytic mechanism of Pels. Structural features that confer 
themostabilty to the Thcmiiitoga niantima Pel are also being investigated. Peetate backbone degradation hv 
Pels is favored after the removal of acetyl groups, which is catalyzed by pectin acetv lesterase (PaeY). We 
are currently optimizing the crystallization conditions for PaeY. 

We aim to understand the catalytic mechanism for these enzymes. Most of these enzvmes are isolated from 
.Isfh'i'xillus iiculcaius and cloned and expressed in Aspergillus orvzac by \h\o/\iiks A S. The people who 
have been w orking on these projects are \pt v -aa'-d ( R( i A V and PaeY ). \ 1 ' ^ 1 ] * 

1 F T H I i i ■ t j : ' ■ ! 1 ■ ' I [ t ■ 
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Publications 

L^j The crystal struelure of rhamnogalacturonasc A from Aspergillus aeuleatus: a right-handed parallel beta 
helix. 

[1 .} \ ( Yystalli/ation and preliminary X-ray diffraction studies ot" the heterogeneous!) glycosylated enzyme 
rhamno^alacturonan aeetylesterase from Aspergillus aeu/eaius. 

[3o] Rhamnogalacturonan acetv lesterase elucidates the structure and function of a new family of 
hydrolases. 

[4dj A branched N-linked glyean at atomic resolution in the 1.12 A structure of rhamnogalacturonan 

aceH lesterase. 

[5oJ Crystallization and preliminary X-ray characterization of a thermostable pectate lyase from 
Thermotoga nuiritima. 

[55J A stepw ise optimization of crystals of rhamnogalacturonan lyase from Aspergillus aeuleatus. 



1.2.2. Enzymes in clan GH-A 

Another group of projects focusses on the structural determinants of polysaccharide specificity in glycoside 
hydrolases belonging to the 4 7 superfamily clan GH-A, a group of enzymes with conserv ed 8-fold 
beta "alpha-barrel architecture, conserved mechanism but different substrate specificities. The structure of 
the first fungal family 5 endoglucanase lias recently been determined and shed new light in the role of a 
conserved Gly ( U V/J). A thermostable family 10 x\ lanase has been particularly the subject of detailed 
inv estigation ( ! ko A. IGOR, I G( 1 G( )Q, I GOR. 1 GOO). In collaboration with \oyozvmc> A S 
sev eral family 53 galactanases inv olv ed in degradation of pectin side chains (see 1,2, 1 .) are being 
investigated, heila I o 1 eggio. Jerome I e \ours and Carsten Ryttersgaajtl have been mostly involved in 
these projects. One idea we are particularly interested in is the inv olv ement of shape eomplementaritv of 
polysaccharide and enzyme as a determinant of specificity, w hich w e are exploring in our w ork w ith the 
enzymes in families 10 and 53 in particular. 

As part of our studies of plant cell wall degrading enzymes, an unrelated family ( ) glycoside hvdrolase from 
Alievelohaeil/us aenh ta/ldi/rius. is also being investigated in collaboration with Kelvin hckert and Prof 
Itw in Schneider at the II wnOO dt I mv u'mui. Berlin. 

Publications 

! 1 2j Grystalhzation and preliminary \-ra_v analysis of the major endoglucanase from Thenuoaseus 
tturdniiitcus . 
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evolution ofthcrmostability in family 10 \\ kinases and enzymes with beta alpha-barrel architecture. 

[2C)J Xylanase-oligosaccharide interactions studied by a competitive enzyme assay. 

[}}\ \-Rav Crystallographic Study of Xylopentaose Binding to Pscudomonas fluorcscens X\ kinase A. 

[ Vj Anisotropic refinement of the structure of Thcrmoascus auranticicus xylanase I. 

[44j Substrate specificity and subsite mobility in Thcrmotiscus auninfiacu.s xylanase 1 OA. 

t 

1.2.3. Starch modifying enzymes 

One member of the group. Anders Kad/iola, has previously been involved in structural studies of barley 
amylase. In the last few years the group has also been involved in collaborations with I )ani.sco ( 'ultor 
Innovations on several enzymes which are involved in starch or glycogen modification m vivo or 
biotechnological processes. Projects include modelling and crystallographic studies of branching en/ymes 
and maltose O-acetyltransferase. Recently the group has started a wider collaboration in this area within the 
hi' funded \ P.PS A project, l.eila l.o l.cguio and IJeidi A. Prnsi are mostly working in this area. 

Pu blications 

[2 J Crystal and Molecular Structure of Barley alpha-Amylase. 

M4j Barley alpha-amylase bound to its endogenous protein inhibitor BASI: crystal structure of the complex 
at 1 .9 A resolution. 

Li.7j Molecular Structure of a Barley alpha- Amylase-Inhibitor Complex: Implications for Starch Binding 
and Catalysis. 

[32] Characterisation and Crystallisation of an active \-terminally Truncated form of the Escherichia coli 
Glycogen Branching fn/vmc. 

[42] Crystallization and preliminary \-ray analysis of maltose ()-acetyltransferase. 

A structural model for the X-terminal Nl module of A", coli glycogen branching enzvmc. 

t 



1.3. Heme containing enzymes 
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Structural studies of heme 
containing enzymes were among 
our first protein crystal lographic 
projects and have led to the 
determination of the three 
dimensional structure of the 
peroxidase from the fungus 
Coprinus cincrcus ( 1 I.YS, 1 I Y^. 
i I Y( . 1 1 YK) and the cytochrome 
c4 from Pscui/omonas stutzcri 
( 1 I I P). The study of the former 
enzyme is part of a collaborative 
project with \n\o/\m^ \ s. and 
the latter protein w ith Prof. Jens 
I 'Ktrup's group from the Technical 
University. Presently w e focus on 

structure determinations for the Thc dcclmslalic polcnlia] mappcd onU> thc mo]cai , ar Sllltacc xvilh du , ctlon ot the 
oxidised forms ot the peroxidase dipole moment shown (green arrows). Blue represents positive elunge distribution 
and on a collaborate C project with and red negative charge. The view is along the pseudo-twofold axis tront view 
[Vof I >ii gei i jndbcrg Moiicr's (left) and back view (right), [Oj 

group from the Royal Veterinary and Agricultural University on structure determinations for cytochromes 
P450 involved in plant biosynthesis. The work on the Coprinus peroxidase is primarily conducted by 
Perniile Harris and Karen llouborjj. 




Publications 

LI J Three-dimensional structure of a recombinant peroxidase from Coprinus cincrcus at 2.6 A resolution. 

[3j Crystallization and preliminary crystallouraphic investigations of cytochrome c 4 from Psciulimnmas 
stutzcri. 



[7 1 Crystal structure of the dihaem cytochrome c 4 from Pscuclonionus stutzcri determined at 2.2 A 
resolution. 



1.4. Condensing enzymes in the biosynthesis of fatty acids 

In collaboration with Penny von Wettstein-Knowlcs' group at the Institute of Molecular Hiologx. 

I niversity of Copenhagen we are studying one of the enzymes that catalyse the condensing step in the 

biosynthesis of fatty acids, beta-keto-acyl (acyl carrier protein) synthetases (KAS I) from E. cob. 

T'hau ( lotihardt ( M^en is performing these investigations. The crystal structure of KAS I has been solved to 
^ > \ and the fold i< <imil t,, u,. lf ,r v \ < u .. i i , 
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Publications 

[4] Preliminary \-ray DilTraetion Analysis of beta-Ketoacvl-[ Acyl Carrier Protein [Synthase I from 

Escherichia coir 

[21 J The \-ray crystal structure of beta-ketoaeyl [acyl carrier protein] synthase I 



1.5. Upcoming projects 

Structural investigations of plasma membrane proton pumps w ill bring new challenges to the group. Their 
primary role is in the coupling of metabolic energy to solute transport. It is collaborative project that 
involve several European research groups and is supported partly by a grant from the European Union. The 
groups led by Prof. Marc Boutry. Catolique University of Louvain. Belgium and Prof. Michael Palmgrcn, 
The Royal Veterinary and Agricultural University represent our primary collaborators. 



2. Structural and thermodynamic studies of interactions between 
chiral molecules 



t 



The interactions between chiral molecules are 
important for most biological processes. The 
enantiomers of a chiral molecule w ould 
frequently lead to different biological functions 
and so it is important to use the pure 
enantiomers as drugs, herbicides and pesticides 
Most of the synthetic routes that are used in 
their preparation do not lead to pure 
enantiomers but to a racemic mixture. 
Therefore it has become increasingly important 
to understand the physico-chemical and 
structural background tor the processes that arc 
used to isolate the pure enantiomers. We have 
approached this by studying two principally 
different types of problems. One where we 
investigate the thermodynamic and structural 
aspects of the crystallisation of racematcs. and 
m the other where we studv the resolution of 
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part of Katalin Martin's Ph.D. project. The Ph.D. student 1 laming (). Sorenscn is also involved in these 
studies. 

Pu blications 

M J Crystal Structure of (\)- 1 -Phenvlethyl amnion ium ( A^-Mandelate and a Comparison of Diastereomeric 
Mandelate Salts of 1 -Phenylethylamine. 

[2j Structures w ith Identical Packing; Racemic and Partially Optically Pure 

3-(2'-( , hloro-2 , -phen\ieth\1 )-2-thia/olidiniininiLim />-Toluenesulfonate and a Comparison ofthe Packing in 
Corresponding Racemic and Optically Active Compounds. 

[3j The Role of Solvates in Optical Resolution. A Study ofthe Diastereoisomeric Salts Formed Prom 
Fnantiomeric 2-Amino-2-phenylelhanol and (/O-Mandelic Acid, their Crystal Structures and 
Physico-chemical Properties. 

[4j Structures of Racemic Monolluoro-Substituted Mandelic Acids, Their Relation to the Thermochemical 
Properties and an Analysis of Short Intermolecular Fluorine-Carbon Contacts. 

[>j Structures of Racemic Halogen-Substituted 3-Hydro\y-3-phenylpmpionic Acids; Relations Betw een 
Spontaneously Resolved and Racemic Compounds. 

[^j Structures ofthe Optically Active Monolluoro-Substituted Mandelec Acids: Relation to Their Racemic 
Counterparts and Thermochemical Properties. 

[~j A Stud\' of Diastereomeric Mandelie Salts of Cinchonidine and the Relation to Their 
Quasi diastereomeric Analogues. 

[Nj Structural and Thermodynamic Relationships Between Optical!) Active and Racemic Compounds. The 
Crystal Structures of Optically Active Chloro- and Bromo-Substituted 3-Hydro\y-3-phen\ lpropionic 
Acids. 

ill} Optical Resolution of 2-(2'-Hydro\yethylamino)-l-phenylethanol, and the Crystal Structures of Two 
Polymorphic Modifications ofthe (2/^,3/f K/-Diben/oyl Hydrogen Tartrate Salt ofthe FS')-(^)-Fnantioner. 

L.M»J Quininium fS')-mandelate. 



3. Properties derived from the electron density of molecules and 
crystals 
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We use the information that the X-ray 
diffraction data contain about the thermally 
averaged electron density to study interatomic 
interactions in crystals. These investigations 
require very accurate high resolution X-ray 
diffraction data. Frequently a complementary 
neutron diffraction study is performed to get 
accurate parameters for the hydrogen atoms in 
the crystals. The collaboration w ith professor 
Robert F. Stewart. Carnegie-Mellon 
I ni\ ersity, plays an important role for these 
investigations, which also involve a 
significant amount of program development 
for the program system YALRAY, which is 
primarily used for the computations involving 
the diffraction data. The topological analysis 
developed by R. Bader for theoretical electron 
densities is successfully employed to study 
the properties of the experimental electron 
densities. 




Negativ e l.aplacian of the crystal electron density (-V~(P)) in the mirror 
plane of the metln lammonmm cation. The positive v alues are truncated 
at 256 e .V and negative 12S e A\ Atoms in the plane are 11(5). N( 1 h 
CO and HO. [1 j 



It has been natural to complement these investigations with comparative quantum chemical calculations 
both on the molecular entities and the crystal. For the crystals w e primarily use periodic Hartree-Fock 
calculations (CRYSTAL95). 



The systems studied are molecular crystals that display interesting interatomic interactions. 

An example is the recently completed research on the very short hydrogen bonds. \Ye are exploiting the 
potential of these methods to include acentric crystals and are extending this w ork to the study of weaker 
intermolecular interactions. These investigations were the topic of ( laus Hamburg's Ph.D. thesis, and 
I )cnm- \hul-cn w as also involved in some of the studies. Ph.D. student 1 lennmg ( ). Sorcn>cn„ and cand. 
seient. Annette I .angki Idc have likew ise been working w ith these projects. 



Pu blications 



[Ij Hxperimental Charge Density Study of Methylammoniuni Hydrogen Succinate Monohydrate. A Salt 
w ith a Yerv Short O-H-O Hydrogen Bond. 

L 2. Properties of the hxperimental Crystal Charge Density of Metln lammonmm Hydrogen Malcate. A Salt 
w ith a Yerv Short Intramolecular ( )-I l-( ) I lydrogen Bond. 

t 
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